Background {#S0001}
==========

Mental health is an important indicator of good health. The World Health Organization (WHO) recommended mental health as a global development priority.[@CIT0001] Although mental health problems affect women and men equally, numerous studies have shown that women are 40% more likely than men to develop mental illness.[@CIT0002] Various social factors place women at greater risk for poor mental health compared with men, including the stress of juggling many roles and maintaining a work--life balance.[@CIT0003]

Cortisol is a hormone released by the adrenal gland as part of the flight or fight impulse in response to fear or stress. Cortisol is an adaptation hormone that plays a major role in several bodily functions, including mental health (stress and depression)[@CIT0004] and recollection of emotional events.[@CIT0005] Cortisol release is influenced by the circadian rhythm, coping mechanisms, lifestyle factors and daily stressors.[@CIT0005] In situations of chronic psychological stress and disrupted sleep-wake cycles, the adrenal glands secrete an abnormal amount of cortisol in an abnormal rhythm.[@CIT0006]

Stress in the workplace is globally acknowledged as a risk factor impacting workers' health and safety. A longitudinal study involving 110 Swedish women aged 47--53 years reported that negative work environments significantly contributed to high biological stress, as confirmed by elevated morning cortisol levels.[@CIT0007] Women working in the healthcare sector are at greater risk for stress, attributable to the demanding nature of their job, an environment of constant (and often rapid) change and hospital working conditions. The WHO noted that "a healthy workplace is one in which workers and managers collaborate to use a continual improvement process to protect and promote the health, safety and well-being of all workers and the sustainability of workplace.[@CIT0008]"

Women are at the frontline of many healthcare professions, including physicians, nurses, other healthcare providers and administrative and ancillary staff. Around 67% of healthcare providers and social sector staff are women.[@CIT0009] Recent studies have explored work stress among female healthcare professionals in many countries. A study in India reported female physicians exhibited high levels of stress compared with their male counterparts.[@CIT0010] A comparative cross-sectional descriptive study involving 57 Brazilian nurses working morning, afternoon and evening shifts in emergency departments and medical surgical wards found decreased salivary cortisol levels on days off compared with workdays.[@CIT0011] A study conducted in Spain showed that female nurses (n = 98) working in public hospitals reported higher levels of perceived stress and higher levels of plasma-extracted cortisol than male nurses (n = 98).[@CIT0012] Finally, a 1-year German longitudinal study involving 70 physicians (mean age 30 years, 40 women) suggested that longer shift hours were associated with changes in the diurnal cortisol pattern.[@CIT0013]

Studies of stress among female healthcare professionals that measure levels of cortisol are scarce. Most women healthcare workers in the United Arab Emirates (UAE) are expatriates, and may face stressors related to from being away from home, financial problems, work-related stress, relationship problems, societal problems and personal health-related stress.[@CIT0014] Therefore, measuring stress by cortisol levels may offer a reflection of their overall stress levels that could be used to make recommendations to healthcare policy makers regarding integrating strategies to overcome stress among women healthcare professionals in the UAE.

This study aimed to evaluate morning and bedtime cortisol levels in female healthcare professionals working in UAE hospitals, and compare sociodemographic characteristics, subjective stress and quality of sleep between participants with normal and impaired cortisol levels (morning and bedtime). Salivary collection allows for non-invasive, timed measurement of free cortisol. This is stable for several days before processing, allowing for a valid assessment of the hypothalamus-pituitary-adrenal (HPA) axis in the free-living state.

Aims and Objectives {#S0002}
===================

The overall aim of this study was to develop specific recommendations for UAE stakeholders and decision makers to alleviate stress levels among women healthcare professionals. Based on a representative sample of women healthcare professionals working in the UAE healthcare sector, two specific objectives were: a) to estimate levels of morning and bedtime cortisol among women healthcare professionals, and b) to compare sociodemographic characteristics, subjective stress measures (perceived stress, stress symptoms and stress coping strategies) and quality of sleep between participants with impaired morning and bedtime cortisol levels and those with normal cortisol levels.

Methods {#S0003}
=======

Study Design {#S0003-S2001}
------------

This study used a cross-sectional quantitative design. Data were collected using self-report questionnaires covering stress and sleep quality. Morning and bedtime unstimulated saliva samples were also collected. Saliva was collected between October 2016 and December 2017.

Study Setting and Participants {#S0003-S2002}
------------------------------

Currently, no data are available on the prevalence of stress among women healthcare professionals in the UAE; however, the literature suggests 60% of working women experience some level of stress.[@CIT0015] To achieve results at a significance level of 0.05, 95% confidence interval and a 3% margin of error, 369 participants were required. To compensate for non-respondents, 469 women healthcare professionals were randomly selected using a cluster sampling approach.

Participants were recruited from government and non-government hospitals from across the seven UAE emirates. Women working either day or night shifts were invited to participate. Professional groups included were nurses, physicians, dentists, pharmacists and allied health professionals (e.g. physiotherapists and radiographers). Eligible participants were those aged ≥20 years who were not pregnant and did not have major life events stressors that impacted their stress level within the last year. Participants who were using therapies that may affect sleep patterns (e.g. diuretics, continuous positive airway pressure) were excluded from this study.

Salivary Cortisol: Collection and Measurement {#S0003-S2003}
---------------------------------------------

Two unstimulated saliva samples (morning and bedtime) using the passive drooling method were collected from each participant to examine the diurnal variations of hormonal secretion affected by the circadian rhythm.[@CIT0016] Saliva sampling is a quick, non-invasive and reliable method to measure biologically active, unbound plasma levels of cortisol in adults.[@CIT0016],[@CIT0017] The passive drool technique is considered the gold standard when collecting saliva samples for biological testing as it allows researchers to store saliva samples for further analysis.[@CIT0016]

Volunteer participants who met the study inclusion criteria were given comprehensive written and oral instructions on how to collect reliable and adequate saliva samples. To enhance the validity, rigour and integrity of the salivary sampling, the researchers used a unified standardised protocol as per the manufacturing manual for sample collection, transportation, storage and analysis.[@CIT0016] First, to minimise circadian effect on cortisol levels, saliva samples were collected from participants at approximately the same time. Morning samples were collected between 7:00 and 8:00 and bedtime samples were collected between 19:00 and 20:00.[@CIT0016] Samples were collected during shift hours when participants were on shift (morning samples from day shift participants and night samples when participants were on night shifts), or during the subsequent off day after the participants' shift (i.e. the first morning for night shift participants who had already provided bedtime samples during their shift, or the first night for day shift participants who had provided morning samples during their shift).

Second, instructions regarding the collection and storing procedures for salivary samples were provided at recruitment to maintain sample purity and avoid repetition of samples.[@CIT0016] It was emphasised that no eating, drinking, smoking, chewing gum and teeth brushing were allowed for 10--15 mins before giving a sample. Participants were also instructed to rinse their mouth with water at least 10 mins before giving a sample and if possible, to wait another 10 mins after rinsing to avoid sample dilution. Participants' collected their saliva samples in 5 mL sterile plastic containers.

Participants were instructed to quickly freeze their sample in their regular household freezers (usually below −20°C) if collected at home, and take the frozen sample to their workplace. To facilitate sample collection, the research team assigned a person at each data collection site to collect and store samples in designated deep freezers at the data collection sites, and notify the research team to collect the samples in a timely manner. Samples were then transferred and stored in a specialised deep freezer at −20°C at the Sharjah Institute for Medical and Health Sciences Research until further processing. Because the weather was hot for most of the time during the data collection period, portable freezers were used to transport samples. Furthermore, all samples were examined for purity and suitability, and were analysed by the same laboratory scientist who is an expert in saliva analysis for cortisol.

Samples were processed using the expanded range high sensitivity salivary cortisol enzyme immunoassay kit (kit 1--3102, Salimetrics, USA), according to the manufacturer's instructions. Absorbance values were used to calculate the concentrations using a standard curve by four-parameter logistic fit (4PL) model.[@CIT0016],[@CIT0017]

Data Collection from Questionnaires {#S0003-S2004}
-----------------------------------

Information was collected on participants' demographic and socioeconomic characteristics, medical history and lifestyles. This information included age, Emirate/city, nationality, ethnicity, years of work in the UAE, level of education, marital status, number of children, occupation, working shift (day vs night), shift hours, family income, smoking, exercise status and level of happiness. Participants' body weight and height were measured by trained research assistants, and the body mass index (BMI) was calculated. BMI categories were defined according to the WHO: BMI \<18.5 kg/m^2^ indicated underweight, 18.5--24.9 kg/m^2^ indicated normal range, 25--29.9 kg/m^2^ indicated overweight and ≥30 kg/m^2^ indicated obesity.

Next, each participant was asked to complete four measures. All measures used in this study were standardised, validated and had previously been used in similar research. Three measures covered stress levels and one measure assessed sleep quality. The 14-item Perceived Stress Scale (PSS) has been used to assess perceived stress in the general population with good internal reliability (Cronbach's alpha \>0.70).[@CIT0018] An example item from this scale is "In the last month, how often have you been upset because of something that happened unexpectedly?" Responses are on a 4-point Likert-type scale from 0 = never to 4 = very often. The PSS total score was divided into two categories: scores below 27 were considered to reflect low to moderate stress levels, and scores over 27 were considered to reflect high levels of stress.[@CIT0019],[@CIT0020]

Participants' symptoms of stress were assessed using the 41-item Stress Symptoms Scale (SSS), which rates symptoms of stress experienced in the previous 2 weeks using a 4-point Likert scale from 0 = never to 4 = very often.[@CIT0021] The total scores were grouped into two categories: less than the average rating (≤40) and more than the average rating (\>40).[@CIT0021],[@CIT0022] Examples of symptoms measured included rapid breathing, presence of low back pain and headaches. The SSS has been used to measure symptoms related to job stress in nurses, and was reported to have adequate psychometric properties.[@CIT0022]

Coping strategies were assessed with the 28-item Brief Coping Scale (BCS). This tool uses a 4-point Likert-type scale to assess a range of coping responses among adults, including poor or maladaptive coping strategies (denial, self-blame, behavioural disengagement, venting, substance abuse) and adaptive coping strategies (use of instrumental \[tangible\] support, use of emotional support, religion, planning, self-distraction, humour, positive reframing, acceptance, active coping).[@CIT0023],[@CIT0024] The BCS has reasonably good reliability (total Cronbach's alpha of 0.50--0.90).[@CIT0024] A response of "3" on the 4-point Likert scale for an item was considered as "yes" for using that strategy to cope with stress.

The Pittsburgh Sleep Quality Index (PSQI) was used to evaluate participants' perceived sleep quality and pattern.[@CIT0025] The PSQI is a widely used self-report questionnaire that measures the overall quality of sleep over the last month. Responses are on a 4-point Likert-type scale from 0 = none during the last month to 3 = three or more times during the last month. The scale differentiates "poor" from "good" sleep by measuring seven domains: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medication and daytime dysfunction. The PSQI items are assessed on a scale from zero to 21, with a score of zero representing no problem and 21 indicating severe problems in relation to all assessment items. In general, a score of 5 or higher represents poor sleep quality.[@CIT0024] The PSQI has been widely used to assess sleep quality, and has good psychometric properties and a completion time of 5 mins.[@CIT0025],[@CIT0026] A total PSQI score greater than 5 produced a diagnostic sensitivity of 89.6% and specificity of 86.5% (kappa = 0.75, p ≤ 0.001) in distinguishing good and poor sleepers.[@CIT0026]

Statistical Analysis {#S0003-S2005}
--------------------

Descriptive statistical analysis was performed using SPSS software version 22 and SAS software version 9.4. Means, standard deviations, frequencies and percentages were used to describe levels of morning and bedtime cortisol and all other study variables. We used t-tests and chi-square tests to compare differences in continuous and categorical variables, respectively. We stratified the sample by their cortisol levels into a group with an impaired response to stress (participants with out of range values) and a group with a normal response to stress (normal cortisol levels) for both morning and bedtime cortisol. The groups were compared for statistical differences with regard to their sociodemographic characteristics and PSS, SSS, BCS and PSQI scores using Pearson's chi-square tests. Further, we performed analyses for individual BCS and PSQI domains by cortisol categories.

Results for morning and bedtime cortisol levels were displayed separately to allow comparison and correlation with other study variables. Cortisol levels were described as follows. Morning salivary levels: normal range (0.094--1.551 µg/dL), below normal range (\<0.094 µg/dL) and above normal range (\>1.551 µg/dL). Bedtime salivary levels: normal range (not determined to 0.359 µg/dL) and above normal range (\>0.359 µg/dL).[@CIT0027] All tests were two-tailed and the level of significance was set at p ≤ 0.05.

Results {#S0004}
=======

Participants' Characteristics and Cortisol Levels {#S0004-S2001}
-------------------------------------------------

This study included 335 women healthcare professionals, representing a 71.4% response rate. A major reason for refusal to participate in this study was a lack of interest or time. Twenty-five participants were excluded because of missing data or their saliva samples were not suitable for analysis (either inadequate quantity or they were stained).

Participants were from six different Emirates, with close to half from Sharjah (n = 159, 47.5%). However, 85% of participants were of non-Emirati, with the largest group being Indian (n = 124, 37.0%), followed by Filipino (n = 60, 17.9%) and other Arab and non-Arab minorities. Participants had spent an average of 16.8 years (standard deviation \[SD\] = 11.7 years) in the UAE. The average age of the study population was 36.8 years (SD = 7.8 years), with most (72.2%) participants aged below 42 years; 293 (87.5%) were of reproductive age.

The most common qualification was a bachelor's degree (n = 300, 89.6%). A total of 227 (67.8%) participants were married and 66.0% had children (average of two children). Close to 80% of participants were average-income families, and only 105 (31.3%) participants had hired help at home. About half of the participants worked night shift (n = 163, 48.66%) and 75 (22.4%) had long shift duration (more than 8 hrs per shift) during the last month. Very few participants were smokers (2.7%), and walking was the regular physical activity of 49 (14.6%) participants.

Just under half of the participants had a BMI that was normal/underweight (n = 155, 46.3%), and 180 (53.73%) were either overweight or obese. In addition, 73.7% of the participants reported not taking any medication and more than half (n = 206, 61.5%) considered themselves as generally happy ([Table 1](#T0001){ref-type="table"}).Table 1Distribution of General Profile Variables by Cortisol Levels (N= 335)VariableTotal Number (%)Normal Morning Cortisol Group (N =214, 63.9%)Impaired Morning Cortisol Group (N = 121, 36.1%)P value^a^Normal Bedtime Cortisol Group (N = 287, 85.7%)Impaired Bedtime Cortisol Group (N = 48, 14.3%)P value^a^Number (%)Number (%)Number (%)Number (%)Nationality Local (Emirati)50 (14.9)34 (68.0)16 (32.0)NS44 (88.0)6 (12.0)NS Expat (Non-Emirati)285 (85.1)180 (63.2)105 (36.8)243 (85.3)42 (14.7)City/Location Abu Dhabi39 (11.6)24 (61.5)15 (38.5)NS34 (87.2)5 (12.8)NS Dubai47 (14.0)30 (63.8)17 (36.2)38 (80.9)9 (19.1) Sharjah159 (47.5)104 (64.4)55 (34.6)133 (83.6)26 (16.4) Al Ain14 (4.2)9 (64.3)5 (35.7)14 (100.0)0 (0.0) Ajman22 (6.6)16 (72.7)6 (27.3)18 (81.8)4 (18.2) Um Al Quwain/Fujairah54 (16.1)31 (57.4)23 (42.6)50 (92.6)4 (7.4)Years Spent in UAE \<10 years155 (46.3)95 (61.3)60 (38.7)NS138 (89.0)17 (11.0)NS \>10 years180 (53.7)119 (66.1)61 (33.9)149 (82.8)31 (17.2)Age (Years) ≤ 40 years old242 (72.2)158 (65.3)84 (34.7)NS206 (85.1)36 (14.9)NS \> 40 years old93 (27.8)56 (60.2)37 (39.8)81 (87.1)12 (12.9)Educational Level Diploma19 (5.7)11 (57.9)8 (42.1)NS18 (94.7)1 (5.3)NS Bachelor300 (89.6)190 (63.3)110 (36.7)254 (84.7)46 (15.3) Masters10 (3.0)8 (80.0)2 (20.0)10 (100.0)0 (0.0) Doctoral6 (1.8)5 (83.3)1 (16.7)5 (83.3)1 (1.8)Occupation Nurse228 68.1)139 (71)89 (39.0)NS190 (83.3)38 (16.7)NS Doctor20 (6.0)13 (65.0)7 (35.0)20 (100.0)0 (0.0) Dentist9 (2.7)4 (44.4)5 (55.6)9 (100.0)0 (0.0) Others78 (23.3)58 (74.4)20 (25.6)68 (87.2)10 (12.8)Night Shifts No148 (44.17)44 (29.7)104 (70.3)0.03028 (18.9)120 (81.1)0.033^a^ Yes187 (55.83)77 (41.2)110 (58.8)20 (10.7)167 (89.3)Working Hours Less than 8 hrs260 (77.6)87 (33.5)173 (66.5)0.04527 (14.2)233 (85.8)0.001^a^ More than 8 hrs75 (22.4)34 (45.3)41 (54.7)21 (28.0)54 (72.0)Marital Status Married227 (67.8)144 (63.4)83 (57.6)NS200 (88.1)27 (11.9)NS Single86 (25.7)55 (64.0)31 (36.0)71 (82.6)15 (17.4) Widowed/divorced22 (6.6)15 (68.2)7 (31.8)16 (72.7)6 (27.3)Having Children Yes222 (66.0)144 (65.2)78 (34.78)NS193 (86.9)28 (12.6)NS No114 (34.0)70 (61.4)44 (38.6)94 (82.5)20 (17.5)Family Income Range Above Average55 (16.5)35 (63.6)20 (36.4)NS46 (83.6)9 (16.4)NS Average259 (77.5)166 (64.1)93 (35.9)224 (86.5)35 (13.5) Below Average20 (6.0)12 (60.0)8 (20.0)16 (80.0)4 (20.0)Smoking Yes9 (2.7)7 (77.8)2 (22.2)NS8 (88.9)1 (11.1)NS No326 (97.3)207 (63.5)119 (36.5)279 (85.6)47 (14.4)Physical Exercises Yes49 (14.6)31 (63.3)18 (36.7)NS41 (83.7)8 (16.3)NS No286 (85.4)183 (64.0)103 (36.0)246 (86.0)40 (14.0)BMI (Class) kg/m^2^ Normal weight (18.5--24.9)155 (46.3)98 (63.2)57 (36.8)NS134 (86.5)21 (13.5)NS Overweight/Obese (≥ 25)180 (53.7)116 (64.4)64 (35.6)153 (85.0)27 (15.0)Overall Happiness Not happy at all9 (2.7)7 (77.8)2 (22.2)NS8 (88.9)1 (11.1)NS Somewhat happy88 (26.3)51 (58.0)37 (42.0)73 (83.0)15 (17.0) Happy206 (61.5)132 (64.1)74 (35.9)179 (86.9)88 (42.7) Very happy32 (9.5)24 (75.0)8 (25.0)27 (84.4)5 (15.6)[^1]

[Table 2](#T0002){ref-type="table"} shows the results of participants' morning and bedtime salivary cortisol levels. Morning cortisol levels ranged from 0.2265--3.007 µg/dL, with a mean of 0.26 µg/dL (SD = 0.34 µg/dL). The majority (n = 214, 63.9%) of participants had morning cortisol levels in the normal range, and 121 (36.1%) had impaired (below average) levels. Bedtime cortisol levels ranged from 0.1033--0.1552 µg/dL, with a mean of 0.13 µg/dL (SD = 0.24 µg/dL). Only 48 (14.3%) participants had abnormally high bedtime cortisol levels, and the remainder (85.7%) had bedtime cortisol levels in the normal range ([Table 2](#T0002){ref-type="table"}). There was a significant correlation between morning and bedtime cortisol levels (r = 0.196, p = 0.001).Table 2Morning and Bedtime Salivary Cortisol Levels in Participants (N= 335)Cortisol Levels (\<0.094 µg/dL)Mean ± SDs Range (µg/dL)Number (%)Morning cortisol\
0.26 ± 0.34\
(0.2265--0.3007) Below normal range (\<0.094)121 (36.12%) Normal range (0.094--1.551)214 (63.88%)Bedtime cortisol\
0.13 ± 0.24\
(0.1033--0.1552) Normal range (ND- 0.359)287 (85.67%) Above normal range (\>0.359)48 (14.33%)[^2][^3]

There were no significant differences in participants' demographic characteristics between the normal and impaired morning cortisol groups. However, working night shifts (χ^2^1 \[n = 335\] = 4.69, p = 0.03) and longer shift duration (more than 8 hrs) (χ^2^1 \[n = 335\] = 3.55, p = 0.045) were significantly different between the normal and impaired morning cortisol groups ([Table 1](#T0001){ref-type="table"}). Similarly, working night shift and longer shift duration were significantly associated with bedtime cortisol level (χ^2^1 \[n = 335\] = 4.55, p = 0.03 and χ^2^1 \[n = 335\] = 14.7, p = 0.001, respectively) ([Table 1](#T0001){ref-type="table"}). This suggested that impaired cortisol levels were associated with working night shift and longer shift duration (more than 8 hrs) in our participants.

Psychological Measures, Sleep Quality to Cortisol Levels {#S0004-S2002}
--------------------------------------------------------

### PSS and Cortisol {#S0004-S2002-S3001}

Participants' PSS scores ranged from 9--42, with a mean of 25.7 (SD = 6.06), suggesting overall moderate stress levels; 153 (45.7%) participants had high levels of stress (score \>27). More than half of the participants reported being upset "fairly often" about unexpected events (57.0%), nervous and stressed out (51.6%) and anxious about to-do lists (46.8%), as well as often feeling angry and overwhelmed when tasks accumulated (46.3%). Conversely, participants reported successfully coping with daily problems, irritations and changes, handling personal problems, and being in control of their lives and the way they spent their time.

With regards to perceived stress, neither morning nor bedtime cortisol levels significantly differed across PSS categories. ([Figure 1](#F0001){ref-type="fig"}: Distribution of morning and bedtime cortisol levels across Perceived Stress Scale categories: low 0--26 vs high \>27 stress). Even when participants were clustered into impaired and normal groups by morning cortisol levels, no significant associations were found between morning cortisol levels and PSS scores (p \> 0.05). Similarly, no significant associations were observed between PSS scores and bedtime cortisol levels (p \> 0.05) ([Table 3](#T0003){ref-type="table"}: Distribution of Perceived Stress Scale, Stress Symptoms Scale, Brief Coping Scale and Pittsburgh Sleep Quality Index scores, by morning and bedtime cortisol). This suggested that both morning and bedtime cortisol levels were independent of perceived stress level.Table 3Distribution of Perceived Stress Scale, Stress Symptoms Scale, Brief Coping Scale, Pittsburgh Sleep Quality Index by Morning and Bedtime Cortisol (N=335)VariableTotal Number (%)Normal Morning Cortisol Group (N =214, 63.9%)Impaired Morning Cortisol Group (N = 121, 36.1%)P value^a^Normal Bedtime Cortisol Group (N = 287, 85.7%)Impaired Bedtime Cortisol Group (N = 48, 14.3%)P value^a^Number (%)Number (%)Number (%)Number (%)Perceived Stress Scale High (\>27)182 (54.3)118 (64.8)64 (35.2)NS155 (85.2)27 (14.8)NS Low (0--27)153 (45.7)96 (62.7)57 (37.3)132 (86.3)21 (37.7)Stress Symptoms Scale Low stress symptoms (≤40)168 (50.1)106 (63.1)62 (36.9)NS140 (83.3)28 (16.7)NS High stress symptoms (\>40)167 (49.9)108 (64.7)59 (35.3)147 (88.0)20 (12.0)Brief Coping ScaleSelf-distraction 1 (Yes)214 (63.9)138 (64.5)76 (35.5)NS188 (87.9)26 (12.1)NS 0 (No)121 (36.1)76 (62.8)45 (37.2)99 (81.8)22 (18.2)Active Coping 1 (Yes)292 (87.2)181 (62.0)111 (38.0)0.05245 (83.9)47 (16.1)0.016^a^ 0 (No)43 (12.8)33 (76.7)10 (23.3)42 (97.7)1 (2.3)Denial 1 (Yes)91 (25.6)56 (61.5)35 (38.5)NS81 (90.0)10 (11.0)NS 0 (No)244 (68.7)158 (64.8)86 (35.2)206 (84.4)38 (15.6)Substance Abuse 1 (Yes)17 (5.1)10 (58.8)7 (41.2)NS14 (82.4)3 (17.6)NS 0 (No)318 (94.9)204 (64.2)114 (35.8)273 (85.8)45 (14.2)Emotional Support 1 (Yes)315 (94.0)196 (62.1)118 (37.9)0.012268 (84.1)47 (14.9)0.045^a^ 0 (No)20 (6.0)18 (87.5)2 (12.5)19 (95.0)1 (5.0)Venting 1 (Yes)25 3(75.5)162 (64.0)91 (36.0)NS218 (84.2)41 (15.8)NS 0 (No)82 (24.5)52 (63.4)30 (36.6)69 (90.8)7 (9.2)Positive Reframing 1 (Yes)242 (72.2)156 (64.5)86 (35.5)NS207 (85.5)35 (14.5)NS 0 (No)93 (27.8)58 (62.4)35 (37.6)80 (86.0)13 (14.0)Planning 1 (Yes)253 (75.5)162 (64.0)91 (36.0)NS212 (83.8)41 (16.2)0.06^a^ 0 (No)82 (24.5)52 (63.4)30 (36.6)75 (91.5)7 (8.5)Humour 1 (Yes)141 (42.1)91 (64.5)50 (35.5)NS116 (82.3)25 (17.7)NS 0 (No)194 (57.9)123 (63.4)71 (36.6)171 (88.1)23 (11.9)Acceptance 1 (Yes)285 (85.1)168 (58.9)117 (41.1)\<0.001239 (83.9)46 (16.1)0.024^a^ 0 (No)50 (14.9)46 (92.0)4 (8.0)48 (96.0)2 (4.0)Religion 1 (Yes)284 (84.8)178 (62.7)106 (37.3)NS242 (85.2)42 (14.8)NS 0 (No)51 (15.2)36 (70.6)15 (29.4)45 (88.2)6 (11.8)Self-Blame 1 (Yes)138 (41.2)86 (62.3)52 (37.7)NS118 (85.5)20 (14.5)NS 0 (No)197 (58.8)128 (65.0)69 (35.0)169 (85.8)28 (14.2)Information Support 1 (Yes)181 (54.0)113 (62.4)68 (37.6)NS155 (85.6)26 (14.4)NS 0 (No)154 (46.0)101 (65.6)53 (34.4)132 (85.7)22 (14.3)Self-Disengagement 1 (Yes)121 (36.1)77 (63.6)44 (36.4)NS104 (86.0)17 (14.0)NS 0 (No)214 (63.9)137 (64.0)77 (36.0)183 (85.5)31 (14.5)Pittsburgh Sleep Quality index Good sleep quality (\< 5 total score)133 (39.7)84 (63.2)49 (36.8)NS110 (82.7)23 (17.3)NS Poor sleep quality (≥ 5 total score)202 (60.3)130 (64.4)72 (35.6)177 (87.6)25 (12.4)Subjective Sleep Quality 1 (Very good)85 (25.4)51 (60.0)34 (40.0)NS70 (82.4)15 (17.6)NS 2 (Fairly good)169 (50.4)104 (61.5)65 (38.5)143 (84.6)26 (15.4) 3 (Fairly bad)61 (18.2)44 (72.1)17 (27.9)54 (88.5)7 (11.5) 4 (Very bad)20 (6.0)15 (75.0)5 (25.0)20 (100.0)0 (0.0)Sleep Latency ≤15 mins22 (6.6)15 (68.2)7 (31.8)NS21 (95.5)1 (4.5)NS 16--30 mins153 (45.7)91 (59.5)62 (40.5)130 (85.0)23 (15.0) 31--60 mins106 (31.6)70 (66.0)36 (34.0)86 (81.1)20 (18.9) \>60 mins54 (16.1)38 (70.4)16 (29.6)50 (92.6)4 (7.4)Sleep Duration \<5 hrs83 (24.8)54 (65.1)29 (34.9)NS71 (85.5)12 (14.5)NS 5--6 hrs140 (41.8)89 (63.6)51 (36.4)119 (85.0)21 (15.0) 6--7 hrs77 (23.0)50 (64.9)27 (35.1)67 (87.0)10 (13.0) ≥7 hrs35 (10.4)21 (60.0)14 (40.0)30 (85.7)5 (14.3)Sleep Efficiency ≥85%243 (72.5)153 (63.0)90 (37.0)NS202 (83.1)41 (16.9)NS 75--84%45 (13.4)29 (64.4)16 (35.6)42 (93.3)3 (6.7) 65--74%29 (8.7)21 (72.4)8 (27.6)27 (93.1)2 (6.9) \<65%18 (5.4)11 (61.1)7 (38.9)16 (88.9)2 (11.1)Sleep Disturbances 0 (Not during the last month)38 (11.3)21 (55.3)17 (44.7)NS32 (84.2)6 (15.8)NS 1 (Less than once a week)206 (61.5)134 (65.0)72 (35.0)176 (85.4)30 (14.6) 2 (Once or twice a week)73 (21.8)47 (64.4)26 (35.6)63 (86.3)10 (13.7) 3 (Three or more times a week)18 (5.4)12 (66.7)6 (33.3)16 (88.9)2 (11.1)Sleep Medication 0 (Not during the last month)281 (83.9)179 (63.7)102 (36.3)NS24041NS 1 (Less than once a week)27 (8.1)19 (70.4)8 (29.6)234 2 (Once or twice a week)6 (1.8)2 (33.3)4 (66.7)51 3 (Three or more times a week)21 (6.2)14 (66.7)7 (33.3)192Daytime Dysfunction 0 (Not during the last month)117 (34.9)77 (65.8)40 (34.2)97 (82.9)20 (17.1)NS 1 (Less than once a week)161 (48.1)104 (64.6)57 (35.4)141 (87.6)20 (12.4)NS 2 (Once or twice a week)39 (11.6)23 (59.0)16 (41.0)33 (84.6)6 (15.4) 3 (Three or more times a week)18 (5.4)10 (55.6)8 (44.4)16 (88.9)2 (11.1)[^4] Figure 1Distribution of morning and bedtime salivary cortisol according to Perceived Stress Scale (PSS).

### SSS and Cortisol {#S0004-S2002-S3002}

Participants' mean SSS score was 50.5 (SD = 27.0). Almost half of the participants had low stress symptoms (score \<40). High frequencies were observed for experiences of stress symptoms concerning items related to vital signs (heart rate: 56%, rapid pulse: 51%) and back/neck pain (56%) symptoms.

Salivary cortisol levels were not significantly correlated with SSS scores (p \> 0.05): morning cortisol, r = 0.30 (p = 0.56) and bedtime cortisol, r = 0.15 (p = 0.16). (See [Figure 2](#F0002){ref-type="fig"}: Distribution of morning and bedtime salivary cortisol across the SSS). No associations were observed between morning cortisol categories and SSS score (p \> 0.50). Similarly, a higher SSS score was independent of bedtime cortisol levels, and no significant associations were seen between the two variables (p \> 0.05). These results suggested that both morning and bedtime cortisol levels were independent of SSS score ([Table 3](#T0003){ref-type="table"}).Figure 2Distribution of morning and bedtime salivary cortisol according to Stress Symptoms Scale (SSS).

### BCS and Cortisol {#S0004-S2002-S3003}

To identify coping mechanisms among participants, we analysed the 14 BCS subscales. Average scores per subscale ranged from 2.3 (SD = 0.9) for substance abuse to 6.4 (SD = 1.6) for religion as a coping strategy. The four most frequently used adaptive coping strategies were emotional support, active coping, acceptance and planning. Among the maladaptive coping strategies, the least used coping style was substance abuse (5.1%) followed by denial (25.6%) ([Table 3](#T0003){ref-type="table"}).

Examining all 14 coping styles revealed that the morning and bedtime cortisol levels (impaired vs normal) were significantly positively associated with the active coping, acceptance and seeking emotional support coping styles (p ≤ 0.05) ([Table 3](#T0003){ref-type="table"}).

### PSQI and Cortisol {#S0004-S2002-S3004}

Close to two-thirds of the participating women (60.3%) reported poor sleep quality. Most participants also reported poor sleep components. Only 85 (25.4%) participants reported very good subjective sleep quality; 54 (16.1%) reported being in bed for more than 60 mins before falling asleep (sleep latency) and 35 (10.4%) reported 7 or more sleep hours per night ([Table 3](#T0003){ref-type="table"}).

Morning and bedtime cortisol levels were not significantly correlated with quality of sleep (r = 0.26, p = 0.57 for morning cortisol; r = 0.013, p = 0.92 for bedtime cortisol) (See [Figure 3](#F0003){ref-type="fig"}. Distribution of morning and bedtime cortisol by Pittsburgh Sleep Quality Index scores).Figure 3Distribution of morning and bedtime salivary cortisol according to Pittsburgh Sleep Quality Index (PSQI).

Participants with normal and impaired morning and bedtime cortisol levels did not differ from participants with normal cortisol levels in terms of overall sleep quality or any of the seven components (subjective sleep quality, sleep duration, sleep efficiency, disturbance, sleep medication, daytime dysfunction and latency; p \> 0.05) ([Table 3](#T0003){ref-type="table"}). This suggested there were independent associations between levels of morning and bedtime cortisol and quality of sleep in our participants.

Discussion {#S0005}
==========

This study highlighted an important subject that is generally neglected in healthcare systems worldwide. We evaluated the mental health of women healthcare professionals in the UAE using an objective and reliable tool (salivary cortisol levels) to measure stress, as well as subjective psychological measures of stress and sleep quality.[@CIT0028]--[@CIT0030] Importantly, we found that a considerable number of women healthcare professionals had an impaired response to stress and demonstrated abnormal cortisol levels, particularly those working night shift and with longer shift duration. Chronic stress has been linked to the onset of mental health problems and overall poorer physical status in working women,[@CIT0031]--[@CIT0033] potentially leading to poor physical and social health, and suboptimal performance at work.[@CIT0034] The literature provides strong evidence that disrupted chronobiological rhythms among female workers[@CIT0035],[@CIT0036] exacerbate work-related stress,[@CIT0037] especially among human service professionals.[@CIT0036]

As expected, we found morning salivary cortisol levels were higher compared with bedtime levels, which was consistent with natural physiology,[@CIT0038] with a strong correlation between those measurements. The proportion of women with impaired cortisol is a relevant observation given the implication of cortisol in regulating neuroendocrine function, physical, emotional and cognitive health, and burnout as well as response to stress.[@CIT0039]

Previous studies found that a hypoactive HPA axis was associated with higher ratings of anxiety among women,[@CIT0029] which can be attributed to "flatter" cortisol diurnal and nocturnal slopes.[@CIT0040],[@CIT0041] However, given the cross-sectional design, the present study could not validate this relationship. It is crucial to emphasise that cortisol must be examined at different times during the day over a period of time to accurately predict the impact of accumulative stress on human body.[@CIT0042]

We expected that impaired cortisol levels (both morning and bedtime) would be related to general sociodemographic or personal variables, because the majority of participants were expatriates and away from their homes. It is known that expatriate women face financial, social, cultural and emotional challenges associated with living in different culture and being away from their own home countries.[@CIT0043] However, our results suggested that stress mostly emanated from the workplace rather than from participants' personal lives, particularly working night shift and longer shift duration (more than 8 hrs). This corresponds with the nature of the unpredictable work environment, work load and staff shortages, especially as most participants were nurses.[@CIT0044]--[@CIT0046] A Korean study showed that nurses working night shift exhibited higher cortisol levels than nurses working regular hours.[@CIT0047] Long working shift hours among nurses were also associated with chronic stress and fatigue, which disturbed cortisol levels leading to diminished physical, mental and cognitive abilities, increased work place errors and absenteeism.[@CIT0047]

As the workplace environment is a potential source of stress, it is recommended that stressors at work are identified and strategies to create a healthy work environment are integrated, especially for nurses. For example, night shift workers may need 3--4 days to adjust their circadian rhythms of cortisol secretions.[@CIT0048],[@CIT0049] All nurses, from clinical staff to executives, should also be trained to identify those with impaired stress coping and adopt interventions to reduce the risks to patient safety.[@CIT0049]

Policy makers and workplace managers must consider shift patterns in the UAE healthcare system. This will contribute to higher professional and personal satisfaction, as well as to an enhanced sense of achievement, and alleviate burnout syndrome.[@CIT0044] Healthcare reform should include the mental health of healthcare professionals (both men and women), as data are also scarce on mental health among male healthcare professionals. The connections between mental health and productivity at work, malpractice and medical incidents should also be examined in further longitudinal research. This recommendation is pertinent to our study given that some healthcare institutions had started to apply a 12-hrs shift system, which may strongly impact nurses' stress and cortisol levels. Further comparative studies are needed in this domain.

Importantly, a considerable number of participants in our study reported high levels of perceived stress and its manifestations, such as increased heart rate and back and neck pain; these findings were consistent with prior research.[@CIT0050],[@CIT0051] Several studies from different parts of the world have reported greater levels of perceived stress and associated manifestations among female healthcare professionals, especially doctors and nurses, leading to deteriorated mental and physical health and diminished productivity at work over time.[@CIT0050]--[@CIT0052]

The lack of a significant association between stress and its physical manifestations in this study could partially be explained by the use of positive adaptive coping strategies, including acceptance, emotional support, emotion-focused and active coping (described as problem-focused coping).[@CIT0023],[@CIT0024] Such positive coping styles may play a key role in buffering the impact of stress on cortisol levels.[@CIT0023],[@CIT0024] Seeking emotional support may play a critical role in safeguarding against the impact of psychological stress, and greater tolerance of stress may emerge related to HPA axis activity.[@CIT0053] A coping style characterised by greater use of social support systems was found to be inversely correlated with cortisol levels in women.[@CIT0053],[@CIT0054] Further, an active coping strategy of trying to be resilient and in control of stress-provoking situations might have augmented the release of cortisol in our participants.

A cross-sectional study involving consultant physicians (n = 582) found that more frequent use of an adaptive coping style was associated with lower stress levels among female physicians.[@CIT0055] It is important to note that our participants had been in the UAE for a long period of time (mean: 16 years), and it is possible that they became acculturated and immersed in the UAE culture and learned to identify and positively cope with sources of stress. Participants were also more likely to live with their own families, who could perhaps be a source of emotional support for them. However, more longitudinal studies are needed to clarify the nature of the correlation between stress and cortisol circadian rhythm in expatriates compared with Emirati women healthcare professionals, as sources, levels of stress and coping styles may differ across ethnic groups.[@CIT0054]

Importantly, the availability of a supportive environment that attracts and supports women who relocate with their families to live and work in the UAE could be an additional reason for our participants' adaptive coping with stress and explain the less fluctuation in cortisol levels.[@CIT0056] The UAE government has highlighted the happiness of working women (regardless of nationality) as national developmental goal in its 2021 national agenda, including efforts to support them relocate smoothly with their families into the UAE culture.

Acceptance, active coping and emotional support as adaptive coping strategies appeared to mediate the correlation between stress and cortisol levels in participants with normal cortisol. Therefore, it is critical to direct specific attention to coping strategies among those with impaired cortisol levels. Strengthening their coping resources at work and guiding them to adopt emotion- and problem-focused strategies are critical to assist them to cope with daily stressors.[@CIT0057] Because of the cultural diversity of women healthcare professionals in the UAE healthcare system, there is a need to individualise stress management coping techniques to target and consider all potential mediators of stress across different groups of women.[@CIT0057]

Although 60% of participants reported poor subjective sleep quality, morning and bedtime salivary cortisol levels were not significantly correlated with quality of sleep. A previous study investigated the effects of sleep quality and quantity on cortisol response to acute stress among 73 younger adults.[@CIT0058] That study found that sleep duration did not affect cortisol stress responses, whereas sleep quality might. In addition, contrary to their male counterparts, women's stress responses were less dependent on their self-reported sleep quality.[@CIT0058] Those findings were consistent with results from the present study. A 5-year cohort study from the United Kingdom involving 3314 working participants found that those reporting short sleep duration on three occasions had higher morning and diurnal cortisol levels than other participants.[@CIT0059] Further studies are needed to evaluate melatonin levels to better predict physiological parameters of stress and sleep.

To conclude, we found a considerable number of women healthcare professionals with impaired cortisol levels. The main sources of stress for our participants were the workplace environment, which was demonstrated by the correlation between shift work and number of hours per shift and cortisol levels. To assist the UAE government to achieve the vision of creating a happier workplace environment, it is critical that health policy- and decision-makers consider shift patterns for women healthcare providers to prevent the impact of chronic stress on cortisol activity, increase workplace productivity and enhance patient safety. Teaching women healthcare providers positive coping styles may also assist in buffering the impact of shift related stress on women's health.

Limitations {#S0006}
===========

This study relied on participants' self-reported information, which might be associated with bias, especially in terms of different interpretations of questions and their relevance to the study. Data gathering would be strengthened by further studies following a longitudinal design, whereby salivary cortisol levels could be assessed over time and across different stress statuses of participants. This would support a better understanding of the evolution of stress responses, and facilitate the design of strategies to more effectively alleviate stress among healthcare professionals. We did not examine shift history, which could be a limitation of this study. Further, our participants were mainly expatriate women, and more research is needed to investigate the sources of stress for this group in more depth and integrate strategies to foster positive coping to eliminate the impact of chronic stress on health and wellbeing. A larger sample of women healthcare professionals may also reveal different findings, as the small sample size was a limitation of our study.

Conclusion and Recommendations {#S0007}
==============================

The findings reported in this study emphasise the involvement of physical and physiological factors in cortisol levels and stress. Measuring plasma (or salivary) cortisol levels could supplement demographic and psychopathological data and help identify groups with impaired response to stress. The interaction between sleep, stress and cortisol warrants further investigation; however, evidence on the detrimental effects of workplace stress on long-term health outcomes and employees' quality of life is strong. This study also showed that cortisol (reflecting stress) was at lower levels with improved coping mechanisms, highlighting that coping strategies are crucial for healthcare professionals.
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